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[57] ABSTRACT

A method of encoding and decoding image and/or
audio signals includes an encoding step comprising
previously preparing a quantization table which has
pairs of a sampling interval and a quantized difference
value, calculating a difference value between a given
initial value and a sampling point succeeding to the
initial value, comparing the calculated difference value
with the quantization table, and searching the most
matching quantization level. The search is started from
the sampling point immediately succeeding to the initial
value and then stopped upon finding of the matching
quantization level. The index of that matching quantiza-
tion level is transmitted. The decoding step comprises
preparing the same quanitization table as used in the
encoding step, determining the sampling interval and
the quantized difference value based on the index re-
ceived, and adding the quantized difference value to the
initial value to obtain a decoded value. In case there are
present two or more sampling intervals, the correspond-
ing samples are interporated. As a result, the sampling
interval is prolonged in the flat parts of signal and short-

ened in the steeply changing parts, thereby providing
compression fit for human visual and auditory charac-

feristics.

7 Claims, 6 Drawing Sheets

A4

11 S

c!__._._.. SUBTRACTION ABSOLUTE
CIRCUIT VALUE
CIRCUIT

INITIAL VALUE
UPDATING
CIRCUIT

TABLE

QUANTIZATION

16 17

COMPARISON

CIRCUIT TRANSMITTER




H _ _
LINDHID
M.,, ONILYAdN _ B
AMTIVA TYLLING -
-4 POl
-+
__ LINoHID tnodn | 318Vl o PR, .
- ¥ INLINHLILY NOLLYTOJHILNI NOLLYZLLNYND EUEREL . M
Cof | |
S /b . _ . ¢
“ rmw | rﬁw %7 Ay ‘
> ,_
72
JavL
NOILVZILNVND
& /
e N
o )N
o Gl
”
. _ ) LINOHID | LINOHIO
=i ® HILLIWSNYHL OSIYANO)  oNUvan
< 81 _ . AMTVA TVILINI
- Al . 9l - _ a1 »
m Hu.__%mro LINOHID | .
~und |
Dnm aiviosay | NOILOVHLENS
. _ . . . . N
i l "D _ o’ el




. - . . . . - I
- o T TYEReE AR SRR EE ST AR e e o

4953214

m m m _ ' SH0010
“ m B Il B T
c m — m
Copuund ' ’ ; ' |
0 " " “ " :
~ " “ " “ G
,.w " " K - Ob : o_u_
= m m | dIOHS3HEHL |
) : ”_ " " |
m —HOLYHYdWO0D | | m . m e R ."
m 6¢ m m /R m m _
- Sttt / .......... - ~>1 d30av 11N B "
=) 9l m m
. H _ “
'S S 431SI93Y [={ HOLO3ES |
ol _ | LnoHIo ] | m
- HILSIDIY | INTVA “ _ w _
- —1 1 | 3imosay

F
V
'
)
I
|
I
I
1
|
I
I
I
1
1
i

/

€t

U.S. Patent



Aug. 28, 1990 Sheet 3 of 6 4,953,214

U.S. Patent

d38NNN
J1dWVS X3AN

o Ol




Aug. 28, 1990 Sheet 4 of 6 4,953,214

U.S. Patent

ﬂlllll.lilIlll_l_llll_llllll'llllllllll W O W W OaE O EE e a

H31S1934 H0L0313S

w ..... s’ H3LNNOD
NMOG

‘lllll'lllll IIII-III-

4%

-tlllllllllllllilillll




Aug. 28, 1990 Sheet 5 of 6 4,953,214

U.S. Patent

I7avL

o ~ INOILYZIINYND
g9 €9
LINDHID - 1INYID BECT
HOLINOW ONIHOLIMS NOILYZILNYND

J18V1
NOILVZILNVNO

LINDHIO 0

H3LLINSNVHL NOSIHYdNOD

o o

1INoYH10
ANIVA
31N10S8Y

9DId

11A9YID
ONILVYAdN
AMTVA

VI LINI

4!
LIN0HI0

14:

~|NoILOVHIENS Mu
e, |




4,953,214

-“-----—'---------l----“l-'-_-

| w3mImN0d —
L N U
& | HoYINWNOOY | ; w
S /A Y m — oK m
o 08 m e m
g . HOLOVHLENS = €0 o-ioeceeemmeoooee -
< " " S :
U by Bah bbb bbb bbb . | ”
69 . m m
-mmme - _ NOY "
| H3LNNOD HAINNOD | 29— €] m
= m SS3HAY SS3HAay m SHGT T A
=N “ dvad _dilem ONMAYS | i
&; - . " "
Q Y. _ - " .
o m LINOYID &€y _ H3LNNOD
- " |/ | NOUYH.LIBYY m m
“ ? m ~ 1INOHID - al
m " NOSIHYdINOD | m.
= m AL m _ NOY
& i e . m 9l m
Dnu N m mY:
_ 99 — e e
® = _.w\.
75 .
- L Dl



4,953,214

1

SIGNAL ENCODING AND DECODING METHOD
AND DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an encoding and
decoding method and device for compression encodmg,
transmitting and decoding of information of an nnage
signal or audio signal.

2. Description of the Prior Art

In the field of image or voice communication, there
has so far been performed compression of signals or
highly effictent encoding of data in order to efficiently
utilize the limited line capacity. One practical example
is an encoding and decoding device for used in TV
conference or TV telephone. S

“A Fractal Based Approach To Image Compres-
sion”, ICASSP, 86, 11A.3 is known to the present in-
ventors as a reference closely related .to the present
invention. This reference is to compress image data
using the fractal concept. The basic concept is in that
“vard stick” of certain fixed length is used as a unit to
cover a signal, and a horizontal distance of the cross
point at which “yard stick” intersects the signal, i.e.,
sampling interval and a positive or negative sign bit

respectively indicative of increase or reduction in an

amplitude value are both transmitted for restoration of
the signal at the decoding side. The practically imple-
menting method employs “trigger function” in place of
“yard stick”, the trigger function being compared with
the signal to determine a sampling interval. This makes
the sampling interval wider for a signal including many
flat parts, so that the signal may be compressed to a
large extent.

However, because ‘“trigger function”
function for all of successive data samples, the above

d
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method cannot follow a multi-value graded image in-

cluding steeply changing parts, resulting in a problem
that the image may be blurry in its edge. Another prob-
lem is in that since representative values used in the
decoding step are given by those threshold values
which were used in the encoding step, the decoded
values are always less than the amplitude values of the
original signal, and hence the mean square error is in-
creased. It is to be noted that the above reference
teaches only the method, and does not propose a practi-
cal device.

SUMMARY OF THE INVENTION

435
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It is an object of the present invention to provide a

method and device for encoding and decoding signals,
which are fit for human visual and auditory characteris-
tics, and which are adapted to reduce the information
content necessary for transmitting and storing an image
or audio signal.

To achieve the above object, the present invention
resides in a method of encoding and decoding image
and audio signals, any of the signals being subjected to
sampling and having a multiplicity of sampling points
each represented by a quantized amplitude value.

An encoding step comprises the steps of:

transmitting an amplitude value of a given sampling
point as an initial value;

subtracting the initial value from each of amplitude
values of n sampling points (where n is a predetermined
integer) to calculate n difference values therebetween,

and calculating positive or negative signs, which re-

35
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spectively indicate varying directions of the amplitudes
imposed by the difference values with respect to the
initial value and absolute values of the difference values;

previously preparing a quantization table which has
threshold values and representative values expressed 1n
terms of amplitude values, defines an ordered set of n
quantization scales (where n is a predetermined integer)
each comprising at least one threshold value and a rep-
resentative value, and also defines index values different
from one another for all the representative values of

said n quantization scales;

comparing a series of n difference absolute values
with a series of n quantization scales included in the
quantization table sequentially from the sampling point
adjacent to the initial value until the maximum n-th
sampling point, and selecting a representative value of
the most suitable quantization scale;

transmitting the index value of the selected represen-
tative value of the quantization scale and the positive or
negative sign; and

repeating the foregoing steps with the sum of the
selected representative value of the quantization scale
and the current initial value being set as a subsequent

‘initial value.

A decoding step comprises the steps of:

receiving the amplitude value of the transmitted sam-
pling point as an initial value;

nreviously preparing the same quantization table as
used during the encoding step;

determining the number m and the representative
value corresponding to the received index value and the
sign by making use of the quantization table;

interpolating the amplitude value of each of (m—1)
sampling points between the initial value and the sum of
the initial value and the representatlve value of m-th
sampling point; and

repeating the foregoing steps with the sum of the

initial value and the representative value of m-th sam-

pling point being set as a subsequent initial value.

The foregoing method allows sampling to be finely
carried out in the steeply changing part, but roughly
carried out in the moderately changing part, so that
image and audio signals can be encoded with high effi-

ciency in better fitting for human visual and auditory

characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of one embodiment of an
encoding device for encoding signals according to the
method of the present invention;

F1G. 2 is more detailed block diagram of FIG 1;

FIG. 3 is one example of quantization table;

FIG. 4 is a block diagram of one embodiment of a

decoding device for decoding the encoded data accord-

~ ing to the method of the present invention;

65 .

FIG. 5 is a more detailed biock diagram of FIG. 4;
FIG. 6 is a block diagram of another embodiment of
an encoding device for encoding signals according to

the method of the present invention; and
FIG. 7 is a more detailed block diagram of FIG. 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

One embodiment of the present invention will be
described below with reference to the drawings.

FIG. 1 is a block diagram of one embodiment of an
encoding device according to the present invention.

L
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‘The encoding device of FIG. 1 comprises an input

4,953,214

terminal 11, an initial value updating circuit 12, a sub- -

traction circuit 13, an absolute value circuit 14, a quanti-
zation table 15, a comparison circuit 16, a transmitter 17,
-and an output terminal 18. Applied to the input terminal
11 1s a series of image or audio data after being subjected
to sampling and quantizing. First, an initial value S; is
held in the initial value updating circuit 12. The initial

“value S;is also supplied to the transmitter 17. The subse- -

quent data S;4+) and the output S; of the initial value
‘updating circuit_12 are supplied to a subtraction circuit
13 where both AS1=S;.1—S; and the sign

F1=sign(AS1) are calculated. The output AS1 of the
subtraction circuit 13 is then supplied to the absolute
value circuit 14, while F1 is held therein until receiving

10

15

of an indication from the comparision circuit 16. The
absolute value circuit 14 calculates an absolute value

| AS1| of AS1 and sends it to the comparison circuit 16.
The quantization table 15 is a table having an ordered
- set of n quantization scales (where n is a positive inte-
~ ger). Each quantization scale has at least one quantiza-
tion level, and each quantization level has a single repre-
sentative value Rk. The guantization levels are parti-
tioned from each other by respective threshold values.

20

The quantization table 15 outputs the threshold value of 25

first quantization scale and sends it to the comparison

circuit 16. The comparison circuit 16 compares the

threshold value of first quantization scale with the abso-
lute value |{AS1| to check to which quantization level
the absolute value |AS1] belongs. If |AS1| is found
within the threshold value of any quantization level,
this means the presence of a matching guantization
level. In this case, the comparison circuit 16 supplies the
index of quantization level and the sign F1 delivered
from the subtraction circuit 13 to the transmitter 17.
The comparison circuit 16 also resets the quantization
table 15. Further, the comparison circuit 16 sends the
- representative value Rk of the selected index to the
initial value updating circuit 12. The initial value updat-
‘ing circuit 12 holds the sum of the initial value S; origi-
nally held therein and the representative value Rk as a

30
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new initial value. The above process is effected when

‘the matching quantization level is present.

If the absolute value |AS1| is less than the minimum

threshold value of first quantization scale, this means
the absence of a matching guantization level. In this

case, the subsequent data S; 2 is supplied to the subtrac-
tion circuit 13 where AS2=S;,,—8;1s calculated. AS2

is processed in a like manner to AS1. More specifically,

435

the quantization table 15 outputs the threshold value of 50
second quantlzatlon scale, which 1s then compared with

| AS2| in the comparison circuit 16. If 2 matching quan-
tization level is found, the comparison circuit 16
supplies both the index of that quantization level and the
sign delivered from the subtraction circuit 13. If not, the

subsequent sampling point S;. 3 is supplied to the sub-

traction circuit 13 where AS3=S;,.3—S; 1s calculated.
Thereafter, the similar process will be repeated until
calculation of ASn= S,.;. n—3S; at maximum. The trans-
mitter 17 outputs a series of indices and signs from the
output terminal 18.

FIG. 2 is a more detailed block dlagram of FIG 1.
The initial value updating circuit 12 comprises a selec-
tor 21, register 22 and full adder 23. The selector 21
makes switching action to select either the first initial
value or the updated initial value. The initial value
means, for example, an amplitude value of first pixel on
one horizontal scanning line in connection with image.

33
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.

The register 22 holds the initial value selected by the
selector 21. The full adder 23 adds the current initial
value held in the register 21 and the representative
value Rk of the index selected by the comparison circuit
16, and then outputs the sum therefrom.

The subtraction circuit 13 comprises a. two’s comple-
menter 24 and a full adder 25. The two’s complementer
24 operates to determine the subtractive value of the
data applied thereto for implementing the subtraction in
the full adder 25. The full adder 25 adds the initial value
held in the register 22 and the output of the two’s com-

‘plementer 24 to thereby obtain the resulting difference

value AS1. At the same time, the positive or negative

‘sign F1 is also obtained. The absolute value circuit 14

functions to determine |AS1]. .
The quantization table 15 comprises a ROM (Read
Only Memory) 27 for storing threshold values and a

" counter 28. The counter 28 is reset by the comparison

circuit 16 upon updating of the initial value, and then
counted up by sampling clocks applied thereto. FIG. 3
shows the relationship among the index, the sample
number, the range of threshold values, and the represen-
tative value. The ROM 27 is designated to receive the
output of the counter 28, i.e., the sample number, as an
address input and responsively output the lowest value
of each range of threshold values. Assuming for the
sample S1 to be input, for example, the counter 28 out-
puts 1 as the sample number and supplies it to the ROM
27 as an address for accessing. The ROM 27 outputs
three values, i.e., 16, 27 and 42 as seen from FIG. 3, and
supplies the value 16 to a comparator 29, the value 27 to
a comparator 30, and the value 42 to a comparator 31,
respectively, the comparators 29-31 being constituent
components of the comparison circuit 16. The output of

the absolute value circuit 14 is supplied to each of the

comparators 29, 30 and 31, and the resuiting output
values are used for selection of a matching quantization

level. More specificatlly, when the output of the abso-
Jute value circuit 14 is equal to or greater than the out-

put of the ROM 27, one or more of the corresponding
comparators 29, 30 and 31 issue a logical “true” output.
With the absolute value circuit 14 outputting 16-26,
only the comparator 29 issues a “true” output. With the
absolute value circuit 14 outputting 27-41, the compara-
tors 29 and 30 issue each a “true” output. With the
absolute value circuit 14 outputting 42 or more, all of
the comparators 29, 30 and 31 issue ““true” outputs.
Assuming that the output of the absolute value circuit
14 is equal to 20, for example, only the comparator 29
issues a “true” output, while the remaining comparators
issue “false”” outputs. |
A ROM 32 is designed to output an index, a represen—
tative value, and a reset signal for the counter 28 by
making use of the true/false outputs of the comparators
29, 30, 31 and the counter value of the counter 28 as

respective address inputs. In case of the foregoing ex-

~ ample, since the counter 28 issues the output of 1 and

65

the range of threshold values is 16-26, 1.e., the compara-
tor 29 issues a “true” output and the comparators 30, 31
issuee “false” outputs, the ROM 32 delivers the index 1
and the representative value 21 as shown 1in FIG. 3. The

- ROM 32 outputs a reset signal and supplies it to the

counter 28, when at least one of the comparators 29, 30
and 31 issues a “true” output. Therefore, the counter 28
1s reset in the above case. Supposing that the output of
the absolute value circuit 14 is equal to or less than 15 in
the foregoing example, all of the comparators 29, 30 and
31 issue “false” outputs. In this case, there exists no



S
matching quantization level for the first sample, so the
process proceeds to comparison of the subsequent sam-
ple. Thus, the initial value updating circuit 12, subtrac-
tion circuit 13 and absolute value circuit 14 operate in a
like manner to the above, and the absolute value circuit

14 outputs |AS2{, The counter 28 is counted up and

issues the output of 2. Accordingly, the ROM 27 now
outputs 8 and 17 to the comparators 29 and 30 in the
example of using the table of FIG. 3, the respectively.
Thereafter, the similar process will be repeated to find a
matching quantization level for each of a successive
sample numbers. If not found, it proceeds to processing
of the subsequent sample. In accordance with the exem-
plary table of FIG. 3, when the process finally reaches
the sample number 35, the ROM 32 outputs the index 7
and the representative value O irrespective of the output
value of the absolute value circuit 14. The index in the
output of the ROM 32 is supplied to a register 33 consti-
tuting the transmitter 17, and then delivered from the
output terminal 18 together with the sign supplied from
the full adder 25. The representative value in the output
of the ROM 32 is supplied to the full adder 23.

While the present invention has been described with
reference to the quantization table shown in FIG. 3 by
way of example, the quantization table i1s not limited to
the illustrated one. Thus, the number of indices, the

magnitude of sample numbers, the ranges of threshold:

values, and representative values may have optional
values so long as they will not be contradictory to each
other. Therefore, the number of comparators to be

3
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25

30

included in the comparison circuit 16 depends on the

configuration of each quantization table.

With the operation as mentioned above, the part of
signal which has an amplitude value changing steeply is
quantized at the first sample, but the sample number
proceeds in order of 2, 3, 4 and 5 as the signal changes
more moderately. As a result, the original sampling
interval is widened and hence the amount of data is

reduced. Generally speaking, since the natural image or

audio signal has many moderately changing parts as a
whole, the present method makes it possible to increase
the compression gate.

FIG. 4 shows one embodiment of a decoding dewce
according to the present invention. The decoding de-
vice of FIG. 4 comprises an input terminal 41, a re-
ceiver 42, a quantization table 43, an interpolation cir-
cuit 44, an arithmetic circuit 45, an initial value updating
circuit 46, and an output terminal 47. A series of en-
coded data is inputted to the input terminal 41 and then
supplied to the receiver 42. The receiver 42 separates
the initial value S;from the index k and the sign F. The
initial value is supplied to the initial value updating
circuit 46, and the index and the sign are supplied to the
quantization table 43. The quantization table 43 has the
same quantization table as used in the encoding device,

35

45
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added to give a series of decoded signals, which 1s then
delivered from the output terminal 47. The final value in
the data series from the arithmetic circuit 45 is supplied
to the initial value updating circuit 46 for updating the
previous initial value.

FIG. 5 is a more detailed block diagram of FIG. 4.
The receiver 42 comprises a register 51. The register 51
separates the initial value out of the data series encoded
by encoding device, followed by supplying it to the
initial value updatmg circuit 46, while it supphes the
index and the sign to the quantlzatlon table 43.

The quantization table 43 comprises a ROM 52. The
ROM 52 outputs the sample number and the representa-
tive value using the index and the sign as address inputs.
If the encoding device employs the quantization table
shown in FIG. 3, the decoding device has also to em-
ploy the same quantization table as shown in FIG. 3.

‘The representative value output from the ROM 52 is

given by the representative value shown in FIG. 3

‘added with the positive or negative sign.

The interpolation circuit 44 comprises a down
counter 53 and a ROM 54. The sample number output-
ted from the ROM 32 is loaded into the down counter
53. The representative value delivered from the ROM
54 and the output of the down counter 53 are supplied
to a ROM 54 as addresses for accessing. Responsively,
the ROM 54 outputs the interpolation value which is
previously calculated and stored herein. -

The arithmetic circuit 45 comprises a full adder 35.
The full adder 55 adds the output of the ROM 54 and
the initial value stored in a register 57 of the initial value
updating circuit 46, and then supplies the resulting sum
to the output terminal 47. A selector 56 of the initial
value updating circuit 46 makes switching action to
selects either the initial value supplied from the register
51 or the final output value from the full adder 53. Only
upon the register 51 detecting the initial value, the selec-
tor 56 is switched to the side of the register 51. The
output of the selector 56 is supplied to the register 57.
The new initial value is stored in the register 57 and, at
the same time, the register 51 supplies the subsequent
index and sign to the ROM 352 for repeatmg the above
process

While both the index and the sign were employed as
input addresses for the ROM storing the quantization
table in the foregoing embodiment, it may be config-

‘ured that only the index is employed as an input address

for the ROM, and the sign is directly added to the out-

" put of the ROM for providing the representative value

50

35

and outputs the sample number and the representative

value upon receiving the index applied thereto. The
representative value is added with the positive or nega-
tive sign and then supplied to the interpolation circuit

44. The interpolation circuit 44 calculates one or more

interpolation values from the sample number and the
representative value. The case of sample number ! does
not require interpolation, but the case of sample number

2 or more requires interpolation. The interpolated data -

is in the form of series of difference values and supplied
to the arithmetic circuit 45. In the arithmetic circuit 45,
the initial value held in the initial value updating circuit
46 and the series of difference values are sequentially

635

with the positive or negative sign. Also, while the inter-
polation circuit was consisted of the down counter and
the ROM, it is not limited to such configuration and
may comprise, for example, an up counter, a compara-
tor and.a ROM.

FIG. 6 is a block diagram of another embodiment of
an encoding device according to the present invention.
The encoding device of FIG. 6 comprises an input
terminal 11, an initial value updating circuit 12, a sub-
traction circuit 13, an absolute value circuit 14, three
quantization tables 61, 62 and 63, a comparision circuit
16, a transmitter 66, a switching circuit 64, a monitor
circuit 65, and an output terminal 18. Applied to the
input terminal 11 is a series of image or audio data after -
being subjected to sampling and quantizing. First, an
initial value Si is held in the initial value updating circuit

~ 12. The initial value S;is also supplied to the transmitter

17. The subsequent data S;; and the output S; of the
initial value updating circuit 12 are supphied to a sub-



7
traction circuit 13 where both AS1=S;,1—S; and the
sign F1=sign (AS1) are calculated. Then, the output
AS1 of the subtraction circuit 13 is supplied to the abso-
lute value circuit 14, and F1 is supplied to the transmit-
ter 66. The absolute value circuit 14 calculates an abso-
- lute value |AS1]| of AS1 and sends it to the comparison
circuit 16. On the other hand, the quantization tables 61,

62 and 63 output the respective threshold values of first

quantization scales and supply them to the switching
circuit 64. The switching circuit 64 selects and outputs
- a proper input dependent on the output of the monitor

circuit 65. The comparison circuit 16 compares the

threshold value of the selected quantization table with
the absolute value |AS1| to check to which quantiza-
tion level the absolute value |S1}{ belongs. If a matching

4,953,214
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zation table 61 comprises a ROM 71 and a counter 72.
The second quantization table 62 comprises a ROM 73,
and the third quantization table 63 comprises a ROM 74.
The counter 72 is counted up by signal sampling clocks,
and reset by the comparison circuit 16 when it detects a

- matching quantization level. The ROM’s 71, 73 and 74

10

15

 quantization level is found, the comparison circuit 16

- supplies the index of quantization level to the transmit-

ter 66. Concurrently, the sign F1 is supplied from the

subtraction circuit 13 to the transmitter 66. Further, the

representative value Rk of the selected index is supplied
to the initial value updating circuit 12. The initial value
updating circuit 12 updates the sum of the initial value

S; originally held therein and the representative value

'Rk as a new initial value. |

If the absolute value {AS1]| is less than the minimum
~ threshold value of quantization scale for the first sam-
ple, the matching quantization level cannot be found.
- Thus, the subsequent data S;..2 is supplied to the sub-
traction circuit 13 where AS2=S;.,2—S; is calculated.
AS2 is processed in a like manner to AS1 through the

. above-mentioned steps. The transmitter 66 supplies

respective values of input rate and output rate to the
monitor circuit 65. The monitor circuit 65 calculates the
integrated value of differences between the input rate
and the output rate, and converts it to a switching signal
which is delivered to the switching circuit 64.

This embodiment has a function to maintain constant
the data output rate of the encoding device. The quanti-
zation tables 61, 62 and 63 have their quantization scales
made up such that when those three quantization tables
are used for the same input signal, the first quantization
table 61 produces the largest amount of decoded data,
the third quantization table 63 produces the least
amount of decoded data, and the second quantization
table 62 produces the intermediate amount of decoded

are operated synchronously by virtue of the counter 72.
The switching circuit 64 makes switching action to
select any one of the threshold value outputs from the
ROM'’s 71, 73 and 74, and: the delivers the selected one
to the comparison circuit 16.

The transmitter 66 comprlses .a RAM (Random Ac- |
cess Memory) 75, an arbitration circuit 76, a write ad-
dress counter 77, and a read address counter 78. The
input data such as index is written into the RAM 73. At
this time, write addresses are produced by the write
address counter 77 and applied to the RAM 7§ via the

 arbitration circuit 76. Meanwhile, read addresses are

20

25

produced by the read address counter 78 and applied to
the RAM 75 via the arbitration circuit 76. Since the
transmitter 66 is set to have the constant output rate, the
arbitration circuit 76 passes the read addresses with
higher priority, while keeping the write addresses
queued.

The monitor circuit 65 comprises a subtractor 79, an
accumulator 80 and a converter 81. The subtractor 79
subtracts the count value of the read address counter 78

- from the count value of the write address counter 77,

30

33

45

data. Provided that the input data rate is higher than the

output data rate owing to the complicated input signal,
the transmission will soon be crashed. To avoid such’

crash, the monitor circuit 65 integrates the difference
between the input rate and the output rate at all time,
and converts the integrated value to the switching sig-
nal. It is assumed that the first quantization table 61 is
selected by the switching circuit 64 at the first stage.
‘When the input rate exceeds the output rate in this
stage, the switching circuit 64 outputs such a selection
signal as by which the second quantization table 62 is
selected. When the input rate still yet exceeds the out-
put rate, another selection signal is output to select the
third quantization table 63. To the contrary, when the
input rate is below the output rate, the switching circuit
64 is controlled to sequentially select the third quantiza-
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and then supplies the resulting difference to the accu-
mulator 80. The accumulator 80 accumulates the differ-
ences about a predetermined value. The increased input
rate advances the write address, which reduces the
output value of the subtractor 79 so that the output
value of the accumulator 80 becomes small. The con-
verter 81 produces switching signals by which the
switching circuit 64 selects the ROM 74 when the accu-
mulator 80 has a small value, it selects the ROM 73
when the accumulator 80 has a value exceeding a first
predetermined threshold value, and it selects the ROM
71 when the accumulator 80 has a value exceeding a
second predetermined threshold value. This implements
to effect such control as reducing the amount of index -
and sign data produced when the data input to the
RAM 75 is increased, but increasing the amount of
index and. mgn data produced when the data mput to the

"RAM 75 is reduced.

The monitor circuit and the transmitter in this em-
bodiment are not limited to the illustrated configura-
tions. For example, the RAM 75 in the transmitter 66
may comprise a FIFO (First In First Out) memory.

What is claimed is: :

1. A method of encoding an image and/or audio
signal which is represented by quantized amplitude
values at a plurality of sampling points and decoding the

- encoded signal, comprising the steps of:

tion table 63, second quantization table 62 and first -

quantization table 61 in this order. This prevents the
encoding device from coming into crash, while keeping
the output rate kept at constant. -

FIG. 7 is a more detailed block diagram of the quanti-
zation tables 61, 62 and 63, switching circuit 64, monitor
circuit 65, and transmitter 66 of FIG. 6. The first quanti-
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an encoding step comprising the substeps of:

previously preparing a quantization table which
has an ordered set of n quantization scales each
having at least one quantization level identified
by an index value, where n is a predetermined
integer, said quantization level being defined by
an amplitude range defined by a predetermined
threshold value and having a representative
value which is a single predetermined amplitude
value in said amplitude range;

transmitting an amplitude value of a given sam-
pling point as an initial value;



4,953,214

9

subtracting said initial value from an amplitude
value of a next sampling point which is defined

as an m-th sampling point counting from the

sampling point of the initial value to calculate a
difference value therebetween, where m 1s an
integer between 1 and n, and calculating a sign
and an absolute value of said difference value;
comparing the absolute value of said difference
value with a threshold value of a quantization
level in an m-th quantization scale of said or-
dered set of n quantization scales in said quanti-
zation table to find a matching quantization level
having an amplitude range in which the absolute
value of said difference value is included, and
outputting an index value and a representative
value of the matching quantization level when
the matching quantization level is found in the

10

15

m-th quantization scale and, when no matching

quantization level is found in the m-th quantiza-
tion scale, return to the subtracting step after
incrementing the value of m by 1;

transmitting the index value of the matching quan-
tization level and the sign of said difference
value; and

repeating the foregoing substeps after setting a sum
of the representative value of the matching quan-
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tization level and said initial value as a new initial

value; and
a decoding step comprising the substeps of:
previously preparing the same quantization table as
that used in the encoding step;
receiving a transmitted initial value;

receiving a transmitted index value and a transmit-

ted sign and determining a sampling point num-
ber m and a representative value corresponding

to the transmitted index value by using said

quantization table;

interpolating an amplitude value of each m-1
sampling points between an initial sampling point
of said initial value and an m-th sampling point
counting from the initial sampling point by using
said initial value and a product of the representa-
tive value and the sign of the m-th sampling
point; and

repeating the foregoing substeps after setting the

30

35

45

sum of said initial value and the representative

value of the m-th sampling point as a new initial

value.
2. A method according to claim 1, wherein the n-th
quantization scale in said quantization table has a single

quantization level whose representative value is zero.

3. A method according to claim 1, wherein said inter-

50

polation is effected by previously calculating respective

interpolated amplitude values and holding the calcu-
lated values in the form of a table. _
4. A method of encoding an image and/or audio

signal which is represented by quantized amplitude

values at a plurality of sampling points, comprising the
steps of: -
previously preparing a quantization table which has
an ordered set of n quantization scales each having
at least one quantization level identified by an index
value, where n is a predetermined integer, said
quantization level being defined by an amplitude
range defined by a predetermined threshold value
and having a representative value which is a single
predetermined amplitude value in said amplitude
range;
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10
transmitting an amplitude value of a given sampling
- point as an initial value; | |
subtracting said initial value from an amplitude value
of a next sampling point which is defined as an m-th
sampling point counting from the sampling point of
the initial value to calculate a difference value
therebetween, where m is an integer between 1 and
n, and calculating a sign and an absolute value of
~ said difference value;

comparing the absolute value of said difference value
with a threshold value of a quantization level in an
m-th quantization scale of said ordered set of n
quantization scales in said quantization table to find
a matching quantization level having an amplitude
range in which the absolute value of said difference
value is included, and outputting an index value
and a representative value of the matching quanti-
zation level when the matching quantization level
is found in the m-th quantization scale and, when
no matching quantization level is found in the m-th
quantization scale, return to the subtracting step
after incrementing the value of m by 1;

transmitting the index value of the matching quanti-
zation level and the sign of said difference value;
and

repeating the foregoing steps after setting a sum of
the representative value of the matching quantiza-
tion level and said initial value as a new initial
value. |

5. An apparatus for encoding an image and/or audio

signal which is represented by quantized amplitude

values at a plurality of sampling points, comprising:

' a quantization table which has an ordered set of n
quantization scales each having at least one quanti-
zation level identified by an index value k, wheren
is a predetermined integer, said quantization level
being defined by an amplitude range defined by a
predetermined threshold value and having a repre-
sentative value Rk which is a single predetermined

~ amplitude value in said amplitude range;

a means for calculating a difference value
AS;, =S+ m—S;between an initial value S;which is
an amplitude value at an initial sampling point 1 and
an amplitude value S; » at a succeeding sampling
point m, where m=1,2,3, . . . ,n; |

means for calculating an absolute value |AS,;| and a
sign F;, of said difference value ASy;

a means for comparing the absolute value |S,;| of
said difference value with a threshold value of a
quantization level in an m-th quantization scale of
said ordered set of n quantization scales in said
quantization table to find a matching quantization
level having an amplitude range in which the abso-
lute value of said difference value is included, and
outputting an index value k and a representative
value Ry of the matching quantization level when
the matching quantization level is found in the m-th .
quantization scale;

a means responsive to the output from said comparing
means for advancing the initial sampling point i by
m and replacing the initial value S; by a new 1nitial
value Si;=i+m)=Si+RKkK; and

a means for transmitting the inital value S;, the index
value k of the matching quantization level and the
sign F,, of said differences value AS,,.

6. An apparatus for decoding an encoded image and-

/or audio signal transmitted from an encoding appara-

tus of claim 5, comprising:
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a means for recelvmg and separatlng an. mltlal value
S;, an index value k and a signal F,, transmitted
from said encoding apparatus; |

a quantization table which is the same as the quantlza-

tion table used in said encoding apparatus for out-
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putting a representative value Rk corresponding to

the index value k;
a means for adding the initial value S; to a product of

the representative value Rk outputted from said 1'0_

quantization table and the sign F,, to obtain a value
- Si+Rk-Fp;

a means for 1nterpolat1ng amplitudes of m— 1 samples
between an initial sampling point 1 of the imitial
value S;and an (1+m)-th sampling point using the
initial value S; and an output value S;+Rk-F,, of
the adding means; and

a means for substituting the initial value S, by the
output value S;+Rk-F,,; of the addmg means as a
new initial value.

7. An apparatus for encoding an image and/or audio

signal which is represented by quantized amplitude

values at.a plurality of sampling points, comprising:

a plurality of quantization tables each of which has an

ordered set of quantization scales each having at
least one quantization level identified by an index
value k, said quantization level being defined by an
amplitude range defined by a predetermined
threshold value and having a representative value
Rk which is a single predetermined amplitude
value in said amplitude range, each of said plurality

of quantization tables having a different set of

quantization scales from that of another;
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a means for selecting one of said plurality of quantiza-
tion tables; | | |
a. means for calculating a _difference value
- AS;;=Si+m—S;between an initial value S;which1s
an amplitude value at an initial sampling point 1 and
an amplitude value S; 1, at a succeedmg sampling
point m, where m=1,2,3, . . ;

‘a means for calculating an absolute value |AS;| and

a sign F,, of said difference value ASy;

a means for comparing the absolute value |AS.;;| of
said difference value with a threshold value of a
quantization level in an m-th quantization scale of
said ordered set of quantization scales in said se-
lected quantization table to find a matching quanti-
zation level having an amplitude range in which
the absolute value of said difference value is in-
cluded, and outputting an index value k and a rep-

resentative value Rk of the matching quantization

level when the matching quantization level is found
in the m-th quantlzatlon scale;

‘a means responsive to the output from said companng

means for advancing the initial sampling point 1 by
m and replacing the initial value S;by a new mitial
value Sy;= ;+m)--S,+Rk and

a means for transmitting the initial value S;, the index
value k of the matching quantization level and the
sign F,,, of said difference value AS,, at a constant
data rate; and

a means for monitoring an input data rate and an
output data rate of said transmitting means, and
controlling said selecting means based on the moni-

toring result.
*  x Kk ¥ X%
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